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(54) Variable rate particle counter and method of use 

(57) A variable rate particle counter for adjusting the 
volumetric delivery rate of fluid to a flow cell based upon 
an initial particle count rate in order to effectively "tune" 
the final dilution of sample sheath flow to the particle 
concentration of the sample. A sheath fluid syringe 
pump and a test sample syringe pump are driven by 
motors which are adjusted by a data analyzer. The data 
analyzer compares a particle count rate measured by a 
detection assembly to a predetermined reference value 
and determines if the count rate is too high or too low. 
Accordingly, one of several pump profiles is initiated to 
adjust the flow rate of the sheath fluid or test sample or 
both. Advantageously, the low cell count precision is 
improved and the upper limit cell count is expanded. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to instruments 
for performing clinical analyses of samples, more partic- 
ularly to improving the counting precision of such instru- 
ments by varying the delivery rate of the samples. 

RELATED APPLICATION 

[0002] This application is related to United States 
Patent No. 5,788,927, issued on August 4, 1998, for 
"Unified Fluid Circuit Assembly for a Clinical Hematol- 
ogy Instrument" which patent is commonly owned by 
the assignee of the present application, Bayer Corpora- 
tion, and which is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0003] Analytical instruments are well known and 
have been commercially available for many years, in dif- 
ferent constructions, for performing a variety of test 
analyses by various methods. 
[0004] These instruments, such as clinical hematol- 
ogy lab instruments, typically receive one or a series of 
test samples, divide each sample into aliquots, and per- 
form one or more tests by combining each aliquot with 
one or more reagents in a reaction mixture. The reac- 
tion mixtures are then analyzed in a known manner. For 
example, a colorimetric or similar measurement may be 
made on one reaction mixture while one or more other 
reaction mixtures may be sent to a particle counting 
device for a cell count. 

[0005] One of the disadvantages of such known 
devices is that they operate with a very limited dynamic 
range. At low counts, precision suffers and at high 
counts coincident events (for example, where several 
cells passing at the same, time through the device are 
counted as one cell or event) limit the range. A variety of 
methods are implemented in known devices to compen- 
sate for these disadvantages. 
[0006] Known systems typically deliver a fixed vol- 
ume of a diluted sample solution at a fixed rate for quan- 
titative (i.e., counting) and qualitative (i.e., 
characterizing) the cells by optical detection means. 
Techniques involving multiple counts where repetitive 
delivery of a predetermined volume of diluted sample is 
performed, are sometimes employed to improve low 
end precision, but this is done at the expense of sam- 
pling throughput. 

[0007] Conversely, technicians dilute the test sam- 
ples when cell counts are high, and consequently, the 
precision for very low cell counts suffers. Moreover, in 
many cases, the maximum cell capacity is too low for 
very high cell counts. 



SUMMARY OF THE INVENTION 

[0008] Disadvantages and limitations of the prior art 
are overcome by the apparatus and method of the 

5 present invention, which provide for adjusting a flow cell 
pump delivery rate based upon an initial count rate, to, 
tune effectively the dilution of the sample to be exam- 
ined to the cellular concentration of the sample. 
[0009] It is, therefore, among the objects of the 

10 present invention to provide a method and apparatus 
capable of improving the precision of analyses of test 
samples possessing low cell counts, and having an 
extended upper range for very high cell counts, by vary- 
ing the delivery rate of the test sample and sheath fluid. 

is - [0010] These and other objects of the method and 
apparatus of the present invention are achieved in one 
embodiment by providing a variable rate volume particle 
counter comprising a sample pump for delivering a 
sample at a sample volumetric delivery rate and a 

20 sheath pump for delivering a sheath fluid at a sheath 
volumetric delivery rate into a sheath stream flow cell 
which suspends the sample in the sheath fluid in a lam- 
inar flow suspension which is scrutinized by a detection 
assembly. A data analyzer analyzes the detected infer- 

25 mation and determines control parameters necessary 
to achieve a predetermined sample characteristic, such 
as particle or cell count rate. A sample controller is cou- 
pled to the data analyzer and the sample pump for con- 
trolling the sample pump to vary the sample volumetric 

30, delivery rate in response to the control parameters, and 
similarly, a sheath controller is coupled to the data ana- 
lyzer and the sheath pump to control the sheath pump 
to vary the sheath volumetric delivery rate in response 
to the control parameters. The delivery rate is then 

35 "tuned" to the given cell concentration of the test sam- 
ple. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [001 1 ] Further features, advantages and character- 
istics of the present invention will be apparent to a per- 
son of ordinary skill in the art from the following detailed 
discussion of a preferred embodiment, made with refer- 
ence to the accompanying drawings, in which: 

45 

Fig. 1 is an illustrative embodiment of the variable 
rate volumetric particle counter of the present 
invention; 

Fig. 2 is a detailed illustration of the detection 
so assembly of Fig. 1 ; and 

Fig. 3 is a flow diagram illustrating the logic of the 
data analyzer in accordance with one embodiment 
of the present invention. 

55 DETAILED DESCRIPTION OF THE DRAWINGS 

[001 2] Referring to Fig. 1 , a variable rate volumetric 
particle counter ("VRVPC"), in accordance with a pre- 
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ferred embodiment of the present invention, is shown. 
The VRVPC includes a sheath flow cell 20 which pro- 
vides a thin stream of particles in suspension for analy- 
sis by a detection assembly. It should be recognized 
that the stream of particles is any fluid concentration of 
particles, preferably cells such as blood cells. 
[0013] Sheath flow cell 30 allows presentation of 
cells or particles, prepared in a reaction mixture as is 
known, essentially one cell at a time positioned for 
access by detection assembly 50. The reaction mixture 
is drawn through a nozzle 31a into the center of a lami- 
nar flow stream 33 of a sheath liquid 10 forming a sus- 
pension of the mixture in the sheath fluid stream (a "ceil 
suspension"). The flow velocity of the sheath liquid is 
controlled to be much greater than the velocity of the 
introduced sample reaction mixture causing the cross- 
sectional area of the drawn suspension stream to nar- 
row by known principles as it accelerates to the velocity 
of the sheath liquid. The cross-section of the cell sus- 
pension steam is further narrowed by passing the 
sheath liquid containing the drawn cell suspension 
through a gradually reduced cross-sectional area, again 
by known principles. At the point of access by detection 
assembly 50 (see reference numeral 119, Fig. 2) the 
diameter of the drawn suspension stream has been suf- 
ficiently constrained to be on the order of the diameter 
of one cell so that two cells cannot readily travel side-by- 
side in the stream. For an example description of the 
sheath flow cell, see U.S. Patent No. 5,788,927 identi- 
fied above. 

[0014] In this illustrative embodiment, detection 
assembly 50 is implemented as an optical detection 
system which detects optical interactions with the test 
sample (to be discussed later) as the test sample and 
sheath fluid flow through the sheath flow cell 30. Optical 
detection system 50 comprises illuminator assembly 
130 which in turn includes a light source 35 and optical 
filter 37, and detector assembly 164 which in turn 
includes lens assembly 40 and detector 45. A laser 
beam LB, generated by source 35, is set so as to 
impinge on (i.e., intersects to illuminate or interrogate) 
the cell suspension stream at point 119 as indicated 
above. Optical system 50 operates in a similar manner 
to the optics system, denoted element 100, in com- 
monly owned U.S. Patent No. 5.788,927 identified 
above. 

[0015] Data analyzer 60 is coupled, via line 61, to 
one end of the optical detection system 50 and evalu- 
ates information received from the optical system 50. 
Data analyzer 60 determines characteristics of the test 
sample (cellular concentration or "count rate", which 
should be understood to mean the number of particles 
or cells in a volume of test sample per unit of time) and 
controls operation of motors 70, 72 in response to the 
resultant characteristic determination. Data analyzer 60 
generally includes a microprocessor, signal processor 
or computer running suitable software to determine the 
desired characteristic (i.e., count rate) and input/output 



("I/O") capabilities suitable to receive input and output 
commands. Data analyzer 60 in one embodiment is 
implementable as a PC, workstation, or other micro- 
processor based system with appropriate I/O capabili- 
5 ties. Operation of the data analyzer will be discussed 
below. 

[0016] The VRCVP includes sheath pump 69 and 
sample pump 66 connected though flow cell path 14. 
Pumps 66, 69 are respectively driven by motors 70, 72 

10 responsive to analyzer 60, to deliver an appropriate vol- 
ume of sheath fluid and sample at specific respective 
volumetric rates through the flow cell 30. Pumps 66, 69 
are preferably syringe pumps having similar construc- 
tion, including syringe pistons 76, 77 which move up 

75 and down inside cylinders 67, 68. In the preferred 
embodiment, the syringe piston is actuated using a lead 
screw actuator (not shown) connected to a belt and pul- 
ley system (not shown) which is driven by a motor 70, 
72 in a conventional manner. Motors 70, 72 are prefera- 

20 bly servo or stepper motors, which are well known in the 
art. It should be noted, however, that other motors or 
mechanisms could alternatively be used to actuate and 
adjust syringe pumps 66, 69. 

[0017] In the preferred embodiment, sample pump 

25 66 will control a volumetric flow rate of the sample of 
6 s in region A of flow path 14. Sheath pump 69 will 
control the net volumetric flow rate of Q s + O SH seen 
in region C. Sheath pump 69 will thereby control the vol- 
umetric flow rate of the sheath fluid of d sh in region B. 

30 By varying the motor speed (as will be described 
below), and consequently the individual pump speeds, 
the flow rates in regions A, B and C can be modified and 
controlled as desired to alter volume and dilution of the 
sample stream. 

35 [0018] The ratio of sheath to sample (i.e., the dilu- 
tion) is a function of the type of cell being counted. For 
example, in an embodiment where the present invention 
is implemented to count red blood cells and their density 
is known to be on the order of 5 million cells per cubic 

40 inch, a 1000 microliter per second (>l/s") volumetric 
flow rate is desirable, i.e., the net flow rate Q s + Q sh 
in region C is desired to be 1000 jil/s. This can be 
achieved by controlling sheath pump 69 to drawn a vol- 
umetric flow rate of 1000 \lUs (Q s + O SH ), setting 

45 sample pump 66 to control drawing of the sample at 10 
jxl/s (Q s in region A) resulting in drawing of the sheath 
fluid from container 12 at a volumetric flow rate of 990 
yJ/s ( Q sh ' n region B). 

[0019] By way of another illustrative example, in an 
so embodiment where the present invention is imple- 
mented to count white blood cells and their density is 
known to be on the order of 7 thousand cells per cubic 
inch, a 1000 pJ/s volumetric flow rate is established, i.e., 
the net flow rate Q s + Q sh in region C is controlled to 
55 1000 \i\fs. This can be achieved by controlling sheath 
pump 69 to draw a volumetric flow rate of 1 000 jil/s ( (5 s 
+ 0 sh)> setting sample pump 66 to control drawing of 
the sample at 50 jxJ/s ( Q s in region A) resulting in draw- 
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ing of the sheath fluid from container 12 at a volumetric 
flow rate of 950 nl/s ( Q SH in region B). 
[0020] In the preferred embodiment of the present 
invention, cylinders 67 and 68 each have different vol- 
umes. More preferably, cylinder 68 has a much larger 
volume than cylinder 67. This allows the sheath fluid 10 
to be drawn into the flow cell path from a remote site, for 
example, a receptacle 12, connected to flow cell path 14 
via line 1 1 , as motor 72 drives sheath pump 69. 
[0021] Referring now to Fig. 2, microprocessor- 
based data analyzer 60 determines characteristics of 
the suspended particle stream such as the particle 
velocity or the count of a unit volume of the test sample 
as it passes through the flow cell 30. Data is received 
via cable 61 from optical detection system 50 into an 
analog-to-digital ("A/D") converter 99 and stored in 
memory 98. Cable 61 can be, for example, a conven- 
tional transmission cable connected to an RS-232 cable 
port as is known. Data analyzer memory 98 contains 
preprogrammed (or programmable) pump profiles for 
processing input data to determine the desired operat- 
ing state of motors, 70, 72 in order to achieve an opti- 
mum pumping rate. Control motors 70, 72 are 
responsive to commands output through digital-to-ana- 
log converter (D/A) 199 on control lines 80, 90. 
[0022] An illustrative logic sequence for data ana- 
lyzer 60 to implement the method of the present inven- 
tion will now be discussed. 

[0023] Referring to Fig. 3, in step 100, the data ana- 
lyzer determines the count rate CR representing the 
number of particles, e.g. blood cells in the test sample 
cell suspension. At step 102, it is determined if the 
count rate is at a maximum. In this case, the number of 
cells or particles counted in step 100 is compared to a 
stored reference value MAX. If the count rate is at a 
maximum (i.e., CR > MAX), then at step 104, a 
"decrease motor speed" command is generated to con- 
sequently reduce volumetric delivery rate. If at step 1 02, 
the count CR is not greater than the maximum value 
MAX, then in step 106 it is determined if the count rate 
is below a predetermined minimum value MIN. If the 
count rate is not below the minimum value (i.e., the out- 
put at step 66 is no), then the speed of motors 70, 72 is 
maintained. (Depending on the type of motor used, 
either no command is used to maintain motor speed or 
a steady state command is generated to maintain speed 
as will be understood by one skilled in the art.) In step 
106, if the count rate is less than the minimum value 
MIN, an "increase motor speed" command is generated 
at step 1 1 0 to increase volumetric delivery rate and con- 
sequently the count rate. 

[0024] Motor speed commands are then processed 
through D/A converter 199 for output to motors 70, 72. 
[0025] In operation, pumps 66, 69 can be driven 
using more than one preprogrammed pump profile. 
Each pump profile can be downloaded from a memory 
98 of analyzer 60 to determine an optimal flow rate of 
the sheath fluid and the test sample as each passes 



through the flow cell 30 for a given testing duration. In 
one embodiment, the optimal flow rate is determined by 
varying the flow rate of either the test sample or the 
sheath liquid. Alternatively, both flow rates could be 

5 changed simultaneously. While two to three pump pro- 
files are typically used, it will be understood that more or 
less profiles may also be implemented as desired. 
[0026] Primary control is effected through sample 
pump 66. For example, when a high count sample is 

10 being analyzed, in order to eliminate coincidence 
effects, Q 5 is decreased. Where a low count is encoun- 
tered, Q s is increased. If the volume delivery rate of 
sheath pump 69 is not modified, a change in Q S h w 'H 
result which is inversely proportional to the change in 

is Q s as the net flow rate remains constant and is defined 
by the relation Q s + Q SH 

[0027] A factor to be considered in determining flow 
rate control is that the stream flow at point 119, i.e., the 
net volumetric rate of Q s + Q sw , is limited by the capa- 

20 bilities of the optical detection system. Where Q B is 
increased as discussed above, the diameter to the cell 
stream at point 119 may increase as well resulting in 
possible coincident count difficulties, for which the net 
flow rate may also be commanded to increase to keep 

25 the analysis stream within the limits of the optical sys- 
tem. 

[0028] Alternatively, the pump profiles may be 
downloaded in pump profile segments corresponding to 
different steps in the logic flow for the data analyzer 60. 

30 For example, in one embodiment, one segment intro- 
duces the particle suspension at a predetermined rate, 
and step 100* is executed to determine the particle 
count. In response, a second segment is initiated 
wherein steps 102' and 106' are performed. Another 

35 pump profile is then selected to execute steps 1 04', 1 08' 
and 1 1 0. It is to be understood that more than one refer- 
ence value may be used in steps 102' or 106' to adjust 
the flow rate to a desired flow level and one or more of 
steps 1 04', 1 08' and 1 1 0 f followed by steps 1 00* and one 

40 or more of steps 102' or 106' could be repeated in 
sequence to obtain a desired rate. 
[0029] If the pump profile and flow rate are set for 
normal or low cellular concentration, pumps 66, 69 
would be slowed down for a higher count. If the sheath 

45 flow profile and flow rate are not altered, the velocity of 
the cells traversing the flow cell will remain constant 
although the count rate and particle stream cross-sec- 
tional diameter will decrease. The total volume counted 
can be decreased proportionately to maintain precision 

so within count time constraints. 

[0030] Alternatively, sheath fluid flow may be 
adjusted to maintain stream diameter while altering the 
cell velocity. The volume counted may also be a function 
of the linear travel of pumps 66, 69 which can be deter- 

55 mined, for example, by counting the number of revolu- 
tions of lead screw actuator or via utilization of a linear 
potentiometer. 

[0031] Advantageously, "tuning" the particle rate to 
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an optimum value improves the low count precision and 
extends the upper limit of the count rate by using a var- 
iable rate pump as described herein. Consequently, the 
dynamic range, the volume of fluid passing through flow 
cell 30 per unit time is expanded. 
[0032] The present invention has been described 
with reference to specific embodiments thereof. It will be 
understood by one skilled in the art that these are not 
exclusive embodiments, and while the foregoing 
description of illustrative embodiments provides many 
specificities, these enabling details should not be con- 
strued as limiting the scope of the invention. It will be 
readily understood by those persons skilled in the art 
that the present invention is susceptible to many modifi- 
cations, adaptations, and equivalent implementations 
without departing from the scope of this invention and 
without diminishing its advantages. 

Claims 

1 . A variable rate volumetric particle counter compris- 
ing: 

a sample pump having a control input, a sam- 
ple input and a sample output, the sample 
pump sample output having a sample volumet- 
ric delivery rate responsive to the sample pump 
control input; 

a sheath pump having a control input, a sheath 
fluid input and a sheath fluid output, the sheath 
pump sheath fluid output having a sheath volu- 
metric delivery rate in a laminar flow stream 
responsive to the sheath pump control input; 
a flow cell coupled to the sample pump sample 
output and the sheath pump sheath fluid output 
so that the sample is drawn in a suspension 
stream of a fixed diameter into the sheath fluid 
stream; 

a detection assembly comprising at least one 
sensor having an output indicative of a charac- 
teristic of the drawn suspension; 
data analyzer for analyzing the detected char- 
acteristic with respect to predetermined criteria 
and determining control parameters to achieve 
the predetermined characteristic criteria; 
a sample rate controller coupled to the data 
analyzer and having a control output con- 
. nected to the control input of the sample pump 
for controlling the sample pump to vary the 
sample volumetric delivery rate in response to 
the control parameters; and 
a sheath rate controller coupled to the data 
analyzer and having a control output con- 
nected to the sheath pump for controlling the 
sheath pump to vary the sheath volumetric 
delivery rate in response to the control param- 
eters. 



2. The apparatus of claim 1 wherein the sheath pump 
and the sample pump comprise a syringe pump 
wherein said sample pump is driven by a sample 
pump motor controlled by the sample controller and 

5 wherein said sheath pump is driven by a sheath 
motor controlled by the sheath controller. 

3. The apparatus of claim 1 wherein the sample is a 
cell reaction mixture and the fixed diameter is sub- 

10 stantially that of one cell in the cell reaction mixture. 

4. The apparatus of claim 1 wherein the detection 
assembly comprises an optical detection system 
and a magnetic detection system. 

15 

5. The apparatus of claim 1 wherein the data analyzer 
includes at least one preprogrammed pump profile 
for determining the control parameters and wherein 
said data analyzer, sample controller and sheath 

20 controller are disposed within a single device. 

6. A variable rate volumetric particle counter compris- 
ing: 

25 means for delivering a sample at a sample vol- 

umetric delivery rate; 

means for delivering a sheath fluid at a sheath 
volumetric delivery rate in a laminar flow 
stream; 

30 means for drawing the sample in a suspension 

stream of a fixed diameter into the sheath fluid 
stream; 

means for detecting a characteristic of the 

drawn suspension; 
35 means for analyzing the detected characteristic 

with respect to predetermined criteria and 

determining control parameters to achieve the 

predetermined characteristic criteria; 

means for controlling the sample pump to vary 
40 the sample volumetric delivery rate in response 

to the control parameters; and 

means for controlling the sheath pump to vary 

the sheath volumetric delivery rate in response 

to the control parameters. 

45 

7. A method for determining a characteristic of a sam- 
ple comprising the steps of: 

delivering the sample at a sample volumetric 

so delivery rate; 

delivering a sheath fluid at a sheath volumetric 
delivery rate in a laminar flow stream; 
drawing the sample in a suspension stream of 
a fixed diameter into the sheath stream; 

55 detecting a characteristic of the drawn suspen- 

sion; 

analyzing the detected characteristic with 
respect to predetermined criteria and deter- 
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mining control parameters to achieve the pre- 
determined characteristic criteria; 
controlling the sample pump to vary the sample 
volumetric delivery rate in response to the con- 
trol parameters; and s 
controlling the sheath pump to vary the sheath 
volumetric delivery rate in response to the con- 
trol parameters. 

8. The method of claim 7 wherein the sample is a cell 10 
or particle reaction mixture and the characteristic is 

a particle or cell count. 

9. The method of claim 7 wherein the control parame- 
ters are derived from predetermined pump profiles, is 

1 0. The method of claim 7 wherein controlling the sam- 
ple pump and controlling the sheath pump further 
comprises the step of adjusting the volumetric 
delivery rate of at least one of the sample pump and 20 
the sheath pump to produce a detected character- 
istic in a predetermined range between a minimum 
and a maximum value. 
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